Four hundred and sixty-nine anaesthetics were given to 27 children between the ages of 18 months and 5 years so that they could receive radiotherapy. When ketamine was used as the sole anaesthetic agent, the induction of anaesthesia was frequently stressful and traumatic, with problems and difficulties being encountered during 24% of anaesthetics. A change to an entirely gaseous method of inducing and maintaining anaesthesia resulted in a much more acceptable service being offered to the children and the incidence of complications fell to only 4%.
Introduction
Radiotherapy is increasingly used in the management of a variety of malignant diseases which occur in childhood. These include the acute leukaemias, Wilms' tumour, retinoblastomas and many central nervous system tumours. Few young children can be persuaded to remain alone and perfectly still whilst they receive their treatment without some form of sedation. Because of the well documented problems of providing repeated and reliable sedation to these children', general anaesthesia is often preferred and may be required five times a week for up to seven weeks. Within the last three years we have anaesthetized 27 such children a total of 469 times. 0141-0768/86/ 080454-03/$02.00/0 1986 The Royal Society of Medicine Method Before treatment can begin, the fields to be irradiated have to be plotted and marked. This procedure requires the child to remain still for 20-40 minutes and takes place in semi-darkness. To obtain the optimal position for both plotting the fields and subsequent treatment, the child is placed in a clear plastic shell. As each shell is individually tailored, a plaster of Paris cast must first be made of the child's head and chest from which the shell can then be fashioned. Before it can actually be used, a series of minor adjustments are generally necessary to eliminate pressure points and ensure unobstructed respiration. General anaesthesia has invariably been needed for making the plaster of Paris cast, fitting the shell and plotting the fields.
Once the shell has been satisfactorily fitted, radiotherapy can begin. Actual treatment is short: two or three fields are each irradiated for 30-90 seconds, but a considerably longer period of anaesthesia is required so that the child can be correctly positioned and the radiation source precisely focused. A typical treatment session lasts 20-30 minutes.
Initially, all procedures were carried out using ketamine anaesthesia. As the planning and castfitting procedures were of variable and unpredictable duration, an intravenous cannula was usually inserted so that the initial bolus of 2mg/kg could be followed by further increments of lmg/kg as required. For subsequent treatment, intravenous ketamine continued to be given if possible, but as venous access tended to become increasingly difficult, larger doses (8-10 mg/kg) had to be given intramuscularly instead. Neither form of injection was popular with the children and induction of anaesthesia was often a distressing period for the children, their parents and the anaesthetist. We therefore sought an alternative and more acceptable form of anaesthesia that would avoid repeated injections.
An entirely inhalational technique is now employed. The children are starved from midnight and are the first patients to be treated each morning. One hour before treatment is due, they receive 0.03 mg/kg of atropine orally2. Anaesthesia is induced with 50% cyclopropane in oxygen whilst the child sits on the parent's knee. Once they are asleep, they are placed on a trolley and cyclopropane is discontinued. Anaesthesia is thereafter maintained with nitrous oxide, oxygen and enflurane delivered by mask. When a sufficient plane of anaesthesia is reached for an oropharangeal airway to be inserted, anaesthesia is continued by insufflating the anaesthetic gases through lightweight disposable oxygen tubing attached by a metal connector to the airway. The child can then be positioned as required and the duration and depth of anaesthesia easily controlled.
As the child is alone during irradiation and can only be observed from outside the treatment suite through a window or on a closed-circuit television monitor, efficient monitoring is essential. The single monitor we found to be consistently useful and reliable was an infrared carbon dioxide analyser with an analogue output to a visual display unit (VDU). Expired air was sampled by connecting fine-bore tubing to a 16 g intravenous cannula and inserting it into the opening in the oropharyngeal airway. The actual percentage of carbon dioxide in the expired air was not considered to be of prime importance, but its regular rise and fall was displayed on the VDU and any hypoventilation or respiratory obstruction was immediately obvious from a change in the trace pattern.
Results
Twenty-seven children, whose ages ranged from 18 months to 5 years, were given a total of 469 general anaesthetics. Further details of the children, their malignancies and the treatments they received are given in Tables 1 and 2 . A total of 27 anaesthetists were involved in the care of these children. Most of Complications or difficulties were encountered and recorded on 30 of the 125 occasions when ketamine was used to provide anaesthesia (24%). Frequent complaints were that the children were very distressed when they arrived in the induction room, that it was difficult to maintain an unobstructed airway during treatment, that there was excessive salivation (despite the additional use of parenteral anti-sialogogues at induction) and that vomiting occurred when the child awoke. Some children were slow to recover from anaesthesia, sudden movements during treatment were not uncommon and one little girl began to experience regular hallucinations which could not be suppressed with benzodiazepine premedication.
Difficulties were recorded following only 13 (3.5%) of the 344 gaseous anaesthetics administered. Excessive salivation and vomiting were each noted on four occasions, children were distressed and uncooperative three times, and twice difficulty was experienced in maintaining an unobstructed airway.
Discussion
To receive daily radiotherapy for several weeks is a daunting prospect for anyone, be they adult or child, and some form of sedation is invariably required if children are to be successfully treated. A variety of agents have been used but none appears to be entirely satisfactory': the onset of sedation may be slow and unpredictable, recovery is often prolonged and adequate cooperation cannot be guaranteed. For reliable and efficient treatment, general anaesthesia is often required. Edge and Morgan3 have stated that the ideal agent for this task should be simple to use, fast-acting and of adequate duration, with rapid and complete recovery. The patient should be able to maintain his or her own airway so that intubation is not required and should not be at risk of cardiovascular or respiratory depression. Finally, appetite should not be suppressed and the agent should be safe on repeated administration. They suggested that ketamine was the agent that best fulfilled these rigorous criteria, and so it was our first choice.
Unfortunately, we encountered many problems. These children had already been subjected to multiple investigations for their malignancy and many had undergone surgery. All had developed a marked distaste for injections, and little cooperation in yet another painful procedure could be expected. Daily venepuncture was not only technically difficult but became increasingly distressing for patient, parent and anaesthetist alike. We found intramuscular ketamine scarcely more acceptable: the onset of anaesthesia was slow, recovery was prolonged because of the larger dose given and flexibility was lost. We considered giving the drug orally or rectally4'5 but decided that neither route was likely to offer any significant advantage. Like other authors1' 3'56, we encountered several additional problems with ketamine. Despite giving antisialogogues orally and, on occasion, parenterally at induction, excessive salivation was common. Whilst in patients treated prone this was merely unsightly, in those treated supine it could cause airway obstruction by pooling in the pharynx. Nausea and vomiting were not uncommon problems during recovery and we thought we regularly observed tachyphylaxis but, in retrospect, sudden purposeless movements are not infrequent during ketamine anaesthesia and are not necessarily a sign of awakening. We may have misinterpreted such movements and given unnecessary supplementary doses. Finally, one child developed regular and disturbing hallucinations that could not be controlled by benzodiazepine premedication7 and so an altemative anaesthetic technique was sought.
In 1963, Harrison and Bennet8 described a method of using halothane by insufflation to anaesthetize children for radiotherapy. We adopted their technique but chose to use enflurane rather than halothane as recovery is more rapid and there is probably less risk of hepatic dysfunction with repeated administration9",0. Initially, enflurane was used for both induction and maintenance of anaesthesia, but after one of us (WFC) had visited the Hospital for Sick Children, Great Ormond Street, in London and observed the regular use of cyclopropane, we became convinced of its superiority as an induction agent. When using it solely for induction of anaesthesia, we have not observed the high incidence of nausea and vomiting that has been reported when it is also used for maintenance".
It has proved easy to maintain an adequate depth of anaesthesia when insufflating enflurane through the oropharyngeal airway. A concentration of 3-5% is necessary at the start of each treatment, but this can be reduced each time the radiation source is repositioned so that, when treatment ends, recovery is rapid. Conversely, if an additional procedure such as blood sampling, lumbar puncture or the intrathecal injection of cytotoxic agents is planned, it is easy to continue anaesthesia. The children are generally able to eat and drink within 20-30 minutes of the end of their anaesthetic, as nausea and vomiting are rare and appetite is not depressed. Once therapy is established, those children who live within reasonable travelling distance of the hospital have been successfully managed as outpatients.
All anaesthetic techniques that allow spontaneous respiration are associated with some degree of respiratory depression and hence carbon dioxide retention, especially if the patient is prone. As a result, intracranial pressure may rise, but our technique is unlikely to be any worse than ketamine in that respect. If intracranial pressure is already critically raised, then ventilation should obviously be controlled. Nevertheless, a gaseous induction of anaesthesia, such as we describe, may still be indicated if an intravenous induction is likely to be difficult. It is surely unlikely that any rise in intracranial pressure produced by such a cyclopropane induction, with its associated hyperventilation, would be any greater than that occurring in a distressed child crying and struggling whilst venepuncture is attempted.
Monitoring children when they are receiving radiotherapy under general anaesthesia is not easy. A variety of methods have been suggested, from the relatively sophisticated such as chest impedence electrodes3, oximeters12, apnoea monitors5, automatic blood pressure measuring devices'3, digital pulse meters14 and ECG monitors5, to simple methods such as a precordial stethoscope with long extension tubing4, a cotton wool 'butterfly' attached to the airway3 and a wooden spatula/flag taped to the chest wall'5.
As the chief problem likely to occur during treatment is airway obstruction, methods that primarily monitor the cardiovascular system are less than ideal as they can give only late warning that all is not well. Conventional pulse meters are, in addition, notoriously unreliable: one that we used continued to produce a regular signal even when attached to a pencil'6! Pulse oximeters, however, are potentially very useful as they monitor peripheral oxygenation and, indirectly, cardiac output'7. Unfortunately, the low saturation alarm on the model we used was triggered by interference from the linear accelerator, thus markedly reducing its value. Apnoea monitors are totally unsuitable as they respond to respiratory muscle movement and so will continue to produce a signal even if the airway is totally obstructed. Cotton wool 'butterflies' and spatula/flags are simple, albeit crude, methods of monitoring respiration but may be subject to considerable observer bias.
Capnography is increasingly used in the operating theatre to measure the concentration of carbon dioxide in patients' expired air. We have found it to be a simple and consistently reliable method of monitoring respiration in anaesthetized children receiving radiotherapy. The sampling tubing can quickly and easily be inserted into the children's airway regardless of whether they are being treated supine or prone, and the varying percentage of carbon dioxide in their expired air can be displayed either on an analogue scale or dynamically on a VDU. Neither method was subject to interference but the VDU was generally easier to see from a distance and any alteration in the trace that might suggest respiratory depression or incipient airway obstruction was readily apparent.
The technique described may not, in every circumstance, be the ideal method of anaesthesia for paediatric radiotherapy. However, it has the advantages that no injections are required, induction and recovery are rapid and the depth and duration of anaesthesia are easily controlled. Intubation is unnecessary and neither respiration nor blood pressure is depressed. Nausea and vomiting are rarely encountered and appetite is not lost.
As we have gained experience, we have, undoubtedly, become more competent at anaesthetizing children for radiotherapy. Nevertheless, the decline in our observed incidence of problems and complications, from 24% when ketamine was used to less than 4% today, leads us to commend our current cyclopropane/enflurane technique for children who require anaesthesia for radiotherapy. We believe the technique may also be suitable for children undergoing computerized axial tomography and other radio-diagnostic procedures, and suggest that the capnograph may be the best currently available monitor during such procedures.
